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1. Intr oductio n
Clo ud is a nimpo rta nt C O npO n e nt fo rglobala ndloc alclin at,e . Itsdistriblltio n a nd.
v ariatio n e xpr e s s a ni tegratio n of atmo spheric c o nditio n s. Clo ud als odir ectly
affe cts 七olo c al clim ate thr o ugh r adiative pr o c e s s. He atbudget at the S urfac eis
de cided mainlyby radiatio nbudget. In dart,im e, s olar radiatio ndo minate sthetotal
r adiation btldget and te r r e strial r adiationde cide sit in nighttim e. Clo udplays a
rollnot o nlyon s olar r adiatio nbut on ter re strial radiationthr o ughcloudc o ve r
a ndte mper atur e atClo ud botto R. Ditlrn al cha nge of the r adia.liv eflu xbelo ngstothe
diu rLnal ch弧ge S Of clotld, atn o sphe ric a nd s ur飴c e c o nditio n s, a ndit ha sla rge
anlp itude. The r adiativ eflu x ats u rfa c ei8impo rta nt ele me ntfo r clim ate c o nditio n.
:enc eit is ne eded to m ake pr ope rtie s of the diu rn al v ariation of clotld cle ar.
ln the pr e s e nt study, 1 ho urly clo ud, cle a r sky te mper･a,tur e a nd s u吋ac e s olar
radiatio ndata, which a r epr oc e sed fr o mG凹S- 5 ( Ge ostatio n ary IIete orologic a.1
satellite 5), a r eintro血c ed. Clotlda nd cle ar sky radiatio ntetBPe r atur edatahad
be e n storedfo r1996. This data c o v e r s m o st of the e a st Asia n c o ntin e nt. Hourly
an alysisisiAPOrta ntl】e c a u s e s olar r adiatio n cha nge sqtLickly. Ou rfin alptlrpO S eis
to e stim atebothofs olar a nd te r r e strialr adiativ eflu x e sho u rlyat the s urfa c efr om
ge o stationa ry m ete orologic als a.telliteim age s. Surfa c e s olar r adiatio nfo r4m o nths
ha v ebe e n e stim ated until n o w, altho ughthe r e s e a r ch to developthe algo ritb皿 fo r
te r r e strialr adiatio nis stillpr o c e eding.
2. Clo ud distributio n a nd cle ar sky radia,tion temperatur e_
GHS-5 im age data is r e c eivedat ln stitu e forlndtlStrialScienc e s, Univ ersity of
Tokyo, andispro c e s s ed byProf. Kiku chiat Ko chiUniv ersity. IRl(10.5 - ll.5 micro
mete r), IR2(ll.5 - 12.5 micro meter) andvisible cha n n el a r e u s edfo rthe pr e s e nt
study.
As clolユd deter･mination, similar n ethod 甘ith infraredanalysis part of ISCCPclo ud
dete ction(Ro s s o v and Garde r, 1993)is applied. The stage sare c ompo sedof 3steps.
- 97 -
At first
,
spatial a nd tempor al v ariatio nis aJlalyz ed. A pixel is c ompar ed With
s ur ro undingpix els in the s a n eday a nd als o c ompar ed Withs a n ePixel(po sitio n)
intiledaybefore and afte r. The pix el thathas s n allv a riationisdefineda s cle a r
sky. Se c o ndly, cle ar skypixels a r e s cre enedand cle ar sky radiatio nte mpe ratu r efor
refe ren c eisde cided. WheTla v e r agedcle a r sky r adia.tion teELper atur efo r atim e S erie s
is to olo w e rtha n n a xi皿 皿 a n Ongthe m, the a v e r ageis a s s umedto be c onta nin ated by
clo udpix els. In s u chc a.se, 皿aXim 皿is u s eda s cle ar skytempe r atur e Witha n egative
bia s. Thebiase sbelongs to s urfa ce conditions, ope n s e a, s e aic e, highland, s n o w,
a ndothe rlandco ver s. The cle aJt Sky r adiationte mperaturefo r r ef renc eisde cided
e v e ry 5days at every ho ur. Thirdly e a.ch pixels ar e c o mpar ed With the cle arsky
radiatio ntemperatur e. Whe n r adiatio nte皿pe r attlre Of apix el islo w erthanthe cle ar
sky r adiatio ntempe r atur efo rrefe re n c e, itiBde cideda占clo udy pixel. Thethr e shold
belongs to S urfa c e c o nditio n s a S abo v e.
I)ete ctedclo ud is cla s sifiedto cir ru s andother clo ud. Fo r cir ru sdete ctio n, the
split windo 甘method(In o u e, 1987)is applied. Whe nte mpe r a･h rediffere n c ebety e e n
tl†O infrar･ed yindoy ch釘1n els,
delta T = Brightne s ste mperatu r e(IRl) - Brightn e s stetBPe ra,Lu r e(工R2),
a r ela rger t,ha l1. 5 K, the pixel is de cided a s cir ru s.
Then othe r clo uds a r e cla s sified to3laye r sbyits te mpe r atu r e. Eigh1ayer clo ud-
isdefin eda sthat the r adiatio nte ロpe r atur eislower than at皿O SPhe ric te mperatu r e
at 440 hPa. Riddle laye ris defin ed betw e e n440hPa a nd680 hPa, a ndloy layer is
defined a slo ve rthaJ1680 hPa. . ECHWF(Europe an Centr efo rIIediun- range We athe r
Fore c a st )atmo sphe ric data is u s edfor tempe r att u e refe r e n c e. Re st ofpixels ar e
cia,s sified a,s cle a r sky.
The r es ult is sto redto0.5 *0.5degr e eboヱth tha s100pix els. Hen c e, clo udamo unt
(%)is expres s eda s n uJnbe r ofpix els in e ach c atego ry. In e a ch bo x, the m edian in
a c atego ryis pres e nted andit is us ed to c alc ulate clo ud optical thickne s s･ The
algo rit hofe stinatiorlfo r clo udoptic al thidm e s sinthepr e s e nt studyisimpr o v ed
fr o m甘akajim a andNakajima(1995)to adju stfo r v avebandofcha n n els onG班S
- 5 ･ Clea r
sky r adiatio ntemperaturei8 als odefin ed a sthe 皿edianin clear sky pa rtinthebo x･
2-1. Clo ud di8trit)ution
Fig. I shows an e x a mple of m o nthly m e a n of totalclo udanount in July, 1996･ Itshows
v e ry active c onv e ctio n a七theGulfof Bengal, a clo ud band fr o mSo uthe mpart of China
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t,o Japanislands andcle ar c o ndi tio nove rthe Anstr alia nc ontin e nt. Similar ELaPSfo r
4 clo ud c atego rie slladbe en pr odu ced fo re a ch hollr.
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Fig.2. Cle a r sky r adiatio n七e mperatur e(E).
2-2. Cle ar sky r adiatio nte mpe r atur e
Fig･ 2 shows the 皿Onthly a v e r agedcle a r sky radiatio nte 皿pe r ature･ Wate rvapo r
abs orptio nand de c r e a s ed s urfac e e nis sivity n ay m ake s o m e eff ctsto the radiatio n
te mpe r atu re . 耳o wev e ritsho uldbe n oted he r ethat.thefigure c a n ahoy cli皿atOlogic ally
re a s o n able distributio n of te mperature. Itm e ans this m ap c allbe us eda s akindof
inde ヱ Of s urface te 皿perat11re.
Fig. 3 shows diu m al v a ria.t,io n sin e a ch s e a s o ni Ho ngol(38NIOOE-43 刑10E)aJld
ヱu a-Be主pla n e(32Nl14E- 37Nl17E). The v ariatio ninHongolasse mi aridare ahasma xim 皿
in e arly afte r n o o n(06Z)andmininu nthro ughthe night inFi.g. 3a. The variatio n
inthe Hu n-Beiplane sho甘Sdiffe r e nt v ariatio n sbetw e e n s Ⅶ 耽er andother s e a s o n sin
Fig. 3b. In Julyit looks stable liketha,t in the o c e a n, a ndin other s e a s o n sit is
like that in 凹o ngol. It is derivedthat the algo rithm picks upinte rmitte nt cle a r
sky c a s ein clo udydayinthe 皿O nth, be c a u s eit is alm o stClo udyther einthis s e a s o n.
Henc ethe s urface appe ar sto be 甘et and it is diffic ult to show large amplitude.
Fig. 4 sho w sS ea so nal change of cle ar sky r a.dia.tio nte mperatur e andobservat,ion al
res ultat 世and algovi in 198. In night time(18Z), the obser･v ation is clo s e rtothe
e stim atio nfr o m仁HS-5. They wit1sho w m o r e agr e e m e nt afte r atm o sphe ric cor r ectio n.
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Fig･3a･ Diu r nalchange ofcle ar sky r adiatio nte mpera tu re(Mongol).
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Fig･3b･ D ill -alcha nge ofclear sky radiatio nte mpe r atu r e(Hu a･Beiplane).
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Fig･4･ Se a s o n alchange ofclea r sky r adiaito nte mpe r atu r e(M o ngol).
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3. Surfa c e s ola r r･adiatio n
Surfac e s ola r r adiatio nis e at,im at.edfr o m cloudinform atio nthat ar ede s c ribedat
former Chapter, ECI仰F atmospheric data and GADSa e r o sl model. Radiation trLan Sfer
model ass Ⅷ e spla n eparallel atm o spher e and clo ud. The RSTARprogr a npa ckage that
wa sdevelopedby Ⅳakajin aet al. is u s ed fo rthe tw o- str e a 皿 C alc11atio n二
Optic al thickEleS SOf clo ud, r atio of ic e clo ud to Water clo ud, optic al thickness
of a ero s ol, effe ctive w ate r va,po pa m o unt, s ola rzenith8JLgle ands urfac erefle cta 皿Ce
/o c e a n s urfa c e wind spe edare adoptedfo rpa ra 皿et rS. Table of s ola r r adiativ eflu x
is e stimated fr omthe m, be c a us etoo Ⅱucbtimeis needed to cale山atetheflu x ate a ch
box.
Fig･5 sho w s an e x 皿ple of s olar radiativ eflu xat O3Z, July, 1996. This m apis
ave r aged at O3Z fo r allof da,ysinthe m o nth. Theflu又e sinJan u a ry, April, July a nd
October in1996 hadbe e n e stim ated. Fig.6 sho v8 C 皿pa ris on of the e stimatio n s With
obs ervatio nin 血guBt 1998 at Handalgo vi, Mo ngol. Obs e r v atio n c as e appear stobe
c o nsiste nt 甘iths e as o n al cha nge of the e stim atio n sfr o mG妊S-5.
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Fig.6. Se a畠On alchange of d ai lyac ctl nulated 畠u rfac e 8 01a f r adiation(Mongol).
Hor e obs e rvation da.ta a r ene ededto c ompar e Withthe e stim atio nfr o mGHS-5. The
co nparison make sdis agre e m e ntsbetween obse rvatio n a nde stim ation clearfo r v a rious
conditio n s. Afterthe c o mparis on , thr e sholdofclo ud dete ctio n, ae r o s oldata, s urfac e
reflectanc e anda s sl皿ptio n sfo r clotldpr ope rtie s sho uld bedis c u s s ed again. Change
ofs ensitivityofthe visible s e n s o ris als o one ofproblem s. Forthisis s u e, 1o ngter m
va riability of o utput levelfro mthe visible s e n s o r sho uld be e stimatedexa ctly.
Refe r･e n c e s
lno ue, T り 1987:Aclotld type clas sific atio n yithNOAA- 7split甘indo w me a s ur e m e nts,
I.伝. a. , 92, 391 - 400.
Nakajim a, T. Y. a nd T. NakaJ
l
ima, 1995: Wide- a r e adeterminatio n of clo ud
皿ic r ophysic alpr opertie sfro皿 方OAA AVIRRzne a s ur ezBe nt8 fo rFIREand ASTE‡r egions,
∫.A.S
り
52, 4043- 4059.
Ro s sol†, W.B. aJld L.C. Ga rder, 1993:Clo uddete ction u sing s atellite m e a s11r e皿entS
of infr a r eda ndvisible r a,dia n c e sfor ISCCP
, J.Climate, 6, 2341- 2340,
- 102-
